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NMPOEKTUPAHE HA TIABOPATOPHA DESIGN OF LABORATORY
YCTAHOBKA 3A UIBMEPBAHE HA MEASUREMENT EQUIPMENT

BJIAXHOCT U TEMIMNEPATYPA, MNPHU
OTYUTAHE Bb3MOXHOCTTA 3A

NMPUNOXXEHUE NPU
ANCTAHLUMOHHO OBYYEHUE

3natuH 3narteB

Pe3srome: B pgoknaga e npeacrtaBeHa
paspaboteHa nabopaTopHa noOCTaHOBKa 3a
n3aMepBaHe Ha BMaXHOCT W TemnepaTypa.

JNabopatopHaTta nocTtaHoBka MMa NPeAUMMCTBOTO,
4ye OCBEH NMPUHLMNUTE 3a U3MEPBaHE Ha BNAXXHOCT
N TemnepaTtypa, TS Moxe fa 6bae npunaraHa 3a
obyyeHne no pabota C  eOHONNATKOBM
MWUKPOKOMMIOTPM, Aa Ce  M3non3eBa  kaTto
[AOMbITHUTENHO YCTPOWCTBO Ha WHTEpaKTVMBHA
npe3eHTaUMoOHHa cuUCTeEMa W Ja  ocurypsisa
oTaarieyeH AocTbn Ao NabopaTopHo 06opyaBaHe.

Knro4oeu dymu: ViamepBaHe Ha BMNaXHOCT U
Temneparypa, €NEeKTPOHHO obyyeHwe,
WHTEPaKT1BHA Npe3eHTauMoHHa cuctema

1. YBoa

BnaxHocTTa e OCHOBHa wu3MepBaHa
BENMMYMHaA B pa3HOOBOpasHM MO KOHCTPYKUNS U
NPUHUMN Ha AENCTBME CYLLUUITHU MHCTanaumm,
B CUCTEMW 3a KOHOMLUMOHMPAHE Ha Bb3AyX,
TEPMO- M BEHTUMAUMOHHU MWHCTanauuu, B
TenekoMyHukauumTe. BnaxHocTTa e
CBbp3aHa C Apyr1 M3mepBaH/ BENTMYNHM KaTO
Temnepartypa, HansraHe, NTbTHOCT [9].

ATMocdepHaTa BMaXHOCT OT edHa
CTpaHa BnMsie Ha ycelwaHeTo 3a KomdopT,
CTYA W ropelumHa, a oT gpyra e cBbp3aHa C
OMna3BaHeTO N CbXPaHEHUETO Ha XpPaHUTENHU
N HeXpaHWUTENHW  CTOKW,  CTPOMUTENHM
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1. Introduction

Humidity is basic measured

variable in a variety of construction
and principle of operation drying
installations in systems for air
conditioning, heat- and ventilation
installations, in telecommunications.
Humidity is related to other
measurands such as temperature,
pressure, density [9].

The atmospheric humidity on one
side affects the sense of comfort, and
cold and heat, and the other is
related to the preservation of non-

16



MHoeauuu u npednpuemadecmso, ISSN 1314-9253

loduHa IV, 6pot 3, 2016

MaTepuanu, My3erHu LLeHHOCTN 1 ap.

BnaxHocTta Ha npogykTute, OCBEH 4e
BNMSe  Ha  uUeHata WM,  rapaHTtupa
AbMNrOTPaNHOTO CbXpaHEHWe — 3bpHEHU
XpaHu, ypaxu, Yan, kade, MECHU N MIIeYHN
npoayktu [10].

FonamoTo pasHoobpasme Ha npouecuTe U
obekTnTe, HepgocTaTbyHaTa MHGOPMaUMsa 3a
npotudawmTe npouecn  [16], ocobeHo
npobnembT 3a TeMNepaTypHO-BaXXHOCTHOTO
none, npaBM BNAXHOCTTa BaxeH OT
TeXHU4Yecka W TExXHOMOorMyHa rregHa Touka
napametbp. Kato npumep Moxe pfa ce
nocoyn BNUAHMETO Ha  TemrnepaTypHO-
BNaXXHOCTHOTO Mofie B XMBOTHOBBLACTBOTO.
TONNMHHUAT CTPEC Ha XUBOTHUTE € CBbpP3aH
C TemnepaTtypata Ha OKofHaTta cpeja u
OTHOCUTENHaTa BMaXHOCT Ha Bb3ayXa, KOATO
3acunea BMMSHWETO Ha TonnuHata. [lpwm
OLEeHKaTa Ha TOMMMHHUSA CTpeC ce U3MNonasa
paBHULLETO Ha TemrnepaTypHO-BNaXHOCTHUSA
nigekc  (TBW). Hanpumep, TBW 68
CcbOTBETCTBaA Ha Temnepartypa 220C npu
OTHOCUTENHa BRaXHOCT 44%, oTroBaps Ha
KOM(POPTHN yCroOBUA Ha OTIMexgaHe Ha
XNBOTHUTE [6].

Ha cbBpeMeHHOTO HMBO Ha pa3BuTHE
Ha HaykaTa LuMpoka nonynsapHocT gobusar
MeToauTe W TexXHU4eckuTe cpeacrtsa 3a
oTOanevYeHo u3MmepBaHe Ha napameTpu Ha
obekT, npouecu W OKonHata cpepna.
N3yyaBaHeTO Ha TakMBa cpeactBa MU
pabotata Cc TAX e 3anerHano B peguua
nscrnenBaHus, MHOpPMaUUA 3a KOUTO MOXe

ga Oboe HamepeHa B gocTbhHaTta
nutepatypa [1,3,4,5].
MyntumegunHute " WHTEpPaKTUBHU

cpeacTBa 3a obyveHve HamupaT NPUNoXeHue
B ANCTaHLUMOHHOTO obyyeHne [15].
KayectBoTO Ha TO3M TUN O0ByyeHne Moxe Aa
ce MOBULLIK Ype3 peanuavpaHe Ha no-BMCOKO
HMBO Ha Bu3yanusauus B nabopatopunte u
aygutopunte ypes n3nonssaHe Ha
KOMMIOTBPHO ~ MogrnomMorHato  oby4veHue,
GasmpaHo Ha aBTOMATU3MPAHU BU3yarHK

food items, building materials,
museum and other valuables. The
humidity of the products, except that
affect the price, ensure long-term
preservation - cereals, fodder, tea,
coffee, meat and dairy products [10].

The wide variety of processes and

facilities, insufficient  information
about ongoing processes [16],
especially the problem of

temperature-humidity field, makes the
humidity important from a technical
and technological point of view
parameter.

It can be mentioned the influence
of temperature-humidity field in
livestock production. The thermal
stress on the animals is associated
with ambient temperature and relative
humidity, which enhances the effect
of heat. In the evaluation of thermal
stress is wused the Ilevel of
temperature-humidity index (THI). For
example, THI 68 corresponds to a
temperature of 220C at 44% relative
humidity satisfies the comfortable
conditions the rearing of animals [6].

On the modern stage of science,
popularity acquire methods and
technical devices for remote
measurement of parameters of
objects, processes and the
environment. The study of such
resources and working with them is
enshrined in a number of studies,
information on which can be found in
the available literature [1,3,4,5].

Multimedia and interactive training
tools are used in distance learning
[15]. The quality of this type of
training can be increased by
achieving a higher level of
visualization labs and lecture halls
through the use of computer-assisted
training based on automated visual
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cuctemMm 3a  nonydvaBaHe, ob6bpaboTka u
pasno3HaBaHe Ha n3obpaxenua [11,12,14].

Llen Ha HacToswaTta pabota e pa ce
pa3paboTu onuTHa NOCTaHOBKa 3a
M3MepBaHe Ha BNAXHOCT W Temneparypa,
KOATO da e noaxogsuia 3a AWMCTaHLMOHHO
n3MepBaHe 1 3a oby4veHue.

2. OnucaHve Ha npoeKTUupaHarta
yCTaHOBKa

Cuctemara 3a namepBaHe Ha BaXXHOCT U
TemnepaTtypa e paspaboTeHa Taka, 4Ye C Hes
Aa morat ga 6baat peanusvpaHu pasnivyHun
NMPaKkTUYECKN  YyMNpaXKHEHUs, CBbp3aHu C
obyyeHneTo 3a paboTa C uHOYCTpUanHu
CEH30pK, n3MepBaTeENHM U ynpasnsBalLm
YCTPOWCTBA.

PeannsvpaHa e onuTHa MNOCTaHOBKA,
CbCTOSILLlAa Cce OT CcnegHuTe  OCHOBHU
KOMMOHEHTMW:
> UndpoB ceH3op 3a TemnepaTtypa —

DS18B20, BopoyctonumB. CeH3op 3a

n3MepBaHe Ha TemnepaTypa B AnanasoH

oT -55°C po 125°C, ¢ ToyHocT + 0.5°C

(npn  -10°C +85°C). WasrpageH e c¢

undgpos 1-Wire TepmomMmeTbp Maxim

DS18B20, MoHTMpaH B HepbXaaema

cTomaHeHa coHga. OTynTtaHeTo Ha

AaHHUTE OT CeH30pa Ce OCblUecTBsBa

no uucdpoe One Wire wuHTEpPhENC.

CeH30pbT e BogoycTon4ymB, OTnn4aea ce

c ronama To4yHocT (£ 0.5°C),

Obp3ogencTeme u ctabunHoct. Pabotun ¢

HanpexeHune 3V-5,5V DC u koHcymupa

ToKk 1mA-1,5mA. CoHpgaTa e ¢ pasmepu

50mm x 5mm (gnameTtbp), a KabenbT e

Cc AbmkuHa 95cm. Heobxogumo e ga ce

MOHTUpPA PE3NCTOP CbC CTOMHOCT 4,7kQ

mexgy VCC n DATA (npoBOoaHUUM —

YepBEH M XbNT/6an).
> LUudpoB ceH30p 3a BRNaXHOCT U

TemnepaTtypa. WanonssaH e wuundgpos

CEH30p 3a BRNaXHOCT M Temnepartypa

DHT11 c¢ pull-up pesnctop 10 KQ,

CBbp3aH KbM NnH D7 Ha egHonnaTkoBuA

systems for receiving, processing,
recognition and transmission of
images [11,12,14 ].

The purpose of this work is to
develop an experimental
arrangement for the measurement of
humidity and temperature, which is
suitable for remote measurement and
training.

2. Description of the designed

laboratory device

The system for the measurement
of humidity and temperature is
developed so it can be realized
various practical exercises relating to
training on industrial sensors,
measuring and control devices. The
experimental device is realized with
the following main components:

» Digital temperature sensor -
DS18B20, waterproof. Sensor for
the measurement of a temperature in
range of -55°C to 125°C, with
accuracy of +0,5°C (at -10°C to
+85°C). It is built with 1-Wire digital
thermometer Maxim DS18B20,
mounted in a stainless steel probe.
The reporting of data from the sensor
is performed digitally by One Wire
interface. The sensor is water
resistant, distinguished by high
accuracy (+0,5°C), fast response and
stability. Works with voltage 3V-5,5V
DC and consumes current 1mA-
1,5mA. The probe has dimensions
50mmx5mm (diameter), and the
cable has a length of 95cm. It is
necessary to mount resistor with a
value of 4,7 kQ between VCC and
DATA (wires — red and yellow/white).

» Digital sensor fo r humidity
and temperature . A digital sensor is
used for humidity and temperature
DHT11 with pull-up resistor 10kQ,
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komnioTbp. 3a ceH3opbT DHT11 e
n3nonssaHa 6ubnunoTteka dhtll.h.
CeH3opbT M3mepBa Temnepartypa ot 0°
Ao 50°C u oTHocuTenHa BMNaXHOCT Ha
Bb3gyxa B [AguanasoH 20% - 90%.
DHT11 e npeaBapuTenHo kanubpupat,
nMma umMgpoB n3xoa.

EpHoOnnaTtkoB  MMKPO-KOMMIOTbP  —
nanonaeaH e Iteaduino Nano — ApayvHo
GasmpaHa MUKPOKOHTPOSiepHa nnaTtka 3a
pa3paboTku n narpaxxgaHe Ha
NPOTOTUNKN, CbBMECTUMA NO (PYHKUMN C
Arduino Nano. WsrpageHa e ¢
MuKpokoHTponep ATmega328P u USB-
cepueH nopt KoHBeptop CP2102.
Pabotn c TaktoBa u4ectota 16MHz,
nogabpxa UART, 12C 7] SPI
nHtepdencn n mma 20 I/O nopta, oOT
Kouto Ao 8 aHanoroBu Bxoda M OO 6
PWM wu3xoga. lNnatkata € ¢ KOMNaKTHU
pasmepn 43x18mm, Cc 4 MOHTaXHU
oTBOpa M € 2,54mm pascTtosHue mexay
nsgognte Ha I/O noptoBeTe —
cbBMecTMma ¢ Breadboard. Mima 6yToH
3a pectapTtupaHe, ICSP koHeKTop, micro
USB KOHeKkTOp W [fgBa cBeToguopa.
MuWKpOKOHTpONEPbLT € 3apefeH ¢

Arduino Nano 6yytnoyaobp UK ce
nporpammpa ¢ Arduino IDE npe3
BrpageHus USB-cepueH nopt

KOHBepTOp. 3axpaHBa ce C HanpexeHve
5V ot USB koHeKkTOpa WM OT BbHLUEH

3axpaHBaw, wun3toyHnk DC 6V+12V,
cBbp3aH Ha nuH VIN. PabGoTtHoTO
HanpexeHne Ha  BXOOHO/M3XOOHUTE

noprtose e 5V.
Oucnnen — ancnneat e LCD 16x2. Town
e ¢ pa3mepu 80x36x11mm, ABypenos, C

no 16 3Haka Ha pen. Wanonsea
cTaHgapTeH HD44780 GasupaH
KOHTpONnep, uMMa cuH GQOH un 6sana
noacseTka.

Ha courypa 1 e npeacraBeHa 6ok cxema

Ha onuTHaTa noctaHoBka. CeH3opute 3a
BMa)XHOCT M Temnepatypa ce ynpasnsieaTt oT

connected to the pin D7 of single
board computer. For the sensor
DHT11 is used library dhtll.h. The
sensor measures a temperature of
from 0oC to 500C and relative
humidity in the range 20% - 90%.
DHT11 is pre-calibrated and has
digital output.

» Single-board micro-computer
Iteaduino Nano — Arduino compatible
microcontroller board for
development and construction of
prototypes for functions compatible
with Arduino Nano. It is built with
mikrocontroller ATmega328P and
USB-serial port converter CP2102.
The processor speed is 16MHz,
supports UART, [12C and SPI
interfaces and has 20 /O ports, of
which up to 8 analog inputs and 6
PWM outputs. The board is compact
43x18mm, with 4 mounting holes and
2,54mm distance between the pins of

/O ports — compatible with
Breadboard. It has a button to restart,
ICSP connector, micro USB
connector and two LEDs. The

microcontroller is loaded with Arduino
Nano BootLoader and is programmed
by Arduino IDE with built-in USB-
serial port converter. It is powered by
voltage from 5V USB connector or
from an external power source DC
6V-12V, connected to pin VIN. The
operating voltage of the | / O port is
5V.

»Display. The display is LCD
16x2. Its dimensions are
80x36x11mm, double row, with 16
characters per line. It uses standard
HD44780 based controller has a blue
background and white backlight.

In Figure 1 is a block diagram of the
experimental set. The sensors for
humidity and temperature are
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eHoNnaTkoB KOMMTbp. [lonyyeHute oOT
CEH30puUTE [aHHM Cce wu3npawat KbM
nepcoHaneH KOMMTbP U ce Busyanuaupar
Ha aucnnen. brnokbT 3a ynpaBneHve Ha
BEHTMNATopa € peanu3vpaH KaTto OTAeneH
MOLYN Ha onuMTHaTa MOCTaHOBKA M He e
CBBbP3aH KbM €4HOMNNaTKOBMS KOMMNIOTHP.

MepcoHaneH KOMNIOTLP
Personal computer

T

EQHONNaTKOB KOMMIOTHLP

controlled by single board computer.
The obtained data from the sensors
are sent to the personal computer
and to the display. The control unit of
the fan is implemented as a separate
module of the experimental set and is
not connected to the single board
computer.

Oucnnei
Display

T

3axpansaw 610k

Single board controller

T

CeH3op 3a TemnepaTtypa 1 CyX u MOKbp
BnaxHoct DHT11 Tepmometpu DS18B20
Humidity and temperature Dry and wet

sensor DHT11 thermometers DS18B20

dur.1. bnok cxema Ha onuTHaTa NOCTAHOBKA

Ha dwurypa 2 e npeacraBeHa
npvHUMNHaTa cxema Ha paspaboTeHarta
nabopaTopHa MOCTaHOBKa 3a M3MeEpBaHe Ha
BNaXXHOCT 1 Temnepatypa. CyxmaT u MOKpUSAT
TEPMOMETBLP, peanuavpaHn C  Uudposu
ceH3opu 3a Temnepatypa DS18B20 B
3alMTEeH KOXYyX, M3MnonseaT efHa JiMHuA 3a
AaHHW, CBbp3aHa KbM UM@poB NMH D7 Ha
egHonnatkoBmust  koMnioTbp. CeH3opbT 3a
BaXXHOCT M Temnepatypa DHT11 mn3nonsea
nmH D8 Ha MukpokoHTponepa. [logaBaHeTo
Ha ynpasnsBaWy CUrHann KbM OBYypeaoBUS
aucnnen  ce  peanuaupa  nocpeacTtsoMm
nnHoseTe D11 n D12. lNnHoBe D4 pgo D7 ce
N3non3eart 3a nojaBaHe Ha CUMBOMN KbM
aucnnesa.  KoHTpacTbT Ha gucnnes  ce
perynupa C NOTEHUNOMETHP 47kQ.
3axpaHBaHETO Ha cxemaTa ce ocurypsisa c
nMnynceH 3axpaHeaLy, 65iok DC 5V.

Power supply

l

Bnok 3a ynpaeneHue

Ha BEHTUNATOp
Fan controller

| —

BeHTunatop
Fan

Fig.1. Block diagram of the experimental
set

Figure 2 illustrates a schematic
view of the developed laboratory
setup for the measurement of
humidity and temperature. The dry
and wet thermometers realized with
digital temperature sensors DS18B20
in a protective casing use the data
line connected to digital pin D7 of the
single board computer. The sensor
for humidity and temperature DHT11
use D8 pin of the microcontroller. The
submission of control signals to the
display is implemented by pins D11
and D12. Pins D4 to D7 are used for
submission of symbols to display.
The contrast of the display is
adjusted with potentiometer 47kQ.
The power of the scheme is provided
by a pulse power supply DC 5V.
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g DS18B20 g DS
= 4

a,
i
»

LCD 16x2

- T

4,740

®dwur.2. Cxema npuHUMNHa Ha pa3paboTeHaTa
rnocTaHoBka

Ha cwurypa 3 e npeacraBeHa cxema 3a
perynupaHe o6opoTUTEe Ha BeHTUNaTopa,
n3non3BaHa B  ONUTHaTa  MNOCTaHOBKA.
[MoTeHUMOMETBLPBLT Ry CRyXu 3a ynpasneHue
Ha OTNyLBaHEeTO Ha TpaH3ucTopa T;.

+12V

Fig.2. Principle schematic of the
developed laboratory set

Figure 3 is a circuit for control of
the fan speed wused in the
experimental set. The potentiometer
Ri1 controls the unclogging of the
transistor Tj.

Ty
2N3055

10KQ

™

Fan +

®dur.3. Cxema 3a perynmpaHe obopoTnte Ha
BeHTUNaropa

Ha dwurypa 4 e npencraBeH obwmsa Bua
Ha paspaboTeHaTta oOnNWTHaA MNOCTaHOBKA.
NamepBaTenHaTa n ynpasnsiBalla
ekmnupoBka ca 060COoGeHn KaTo OTAEnHu
Moaynun. 3a MOKpUSi TEPMOMETBLP € OCUIyPEH

+ | C;
__ 2200pF

Fan -

Fig.3. Electronic circuit for regulation of
the fan speed

In Figure 4 is shown general view of
the developed experimental setup.
Measuring and control equipment are
realized as separate modules. For
the wet bulb a reservoir is provided
for continuous  wetting. The
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pe3epBoap 3a HenpekbCHaATO MOKPEHE.
CBbp3BaHETO KbM NepPCOHarHUs KOMMIOTLP €
no USB kaben u ce mM3nonsea emynaums Ha
KOM-nopT. Ha nepcoHanHus KOMMTbP C
nporpamHa cpepja Matlab e peanuanpaHo
NporpaMHoO ocurypsisaHe 3a BusyanuaupaHe u
3annMc  Ha  JaHHWTe,  noslydaBaHW  OT
OTOENHUTE CEeH30pW.

YnpaBneHneTo Ha uanata uamepsarternHa
nocTaHoBKa ce ocblUecTBsBa C
eHoNnaTkoBns KOMMIOTHLP (1), a nonyyeHuTe
n obpaboTeHn OaHHM ce Bu3yanuaunpaTt Ha
ancnnes u ce npegasaT KbM MepcOoHarHUA
komnotbp  (8). UudpoBuatr ceH3op 3a
BNaXHOCT M Temnepatypa (3) u cyxus wu
MOKpus TepmomeTbp (2) ce obayxsaT oOT
BeHTUnaTop (6) CbC CKOPOCT Ha Bb3AYLUHMWS
notok 2m/s. PerynupaHeTo Ha obopoTute Ha
BeHTUnaTopa ce u3Bbpwasa ¢ mogyna (7).
OnuTHata nocTaHoBKa ce 3axpaHBa C [Be
NOCTOSAHHM HanpexeHna 5V un 12V ot
3axpaHBaLyms 6nok (5).

connection to the personal computer

is via USB cable and is used
emulation of com-port. On the
personal computer by Matlab

programming environment is realized
software to visualize and record the

data received from the various
Sensors.
The control of the entire

measurement setup is performed by
a single board computer (1) received
and processed data are displayed on
the display and transmitted to the
personal computer (8). The digital
sensor for humidity and temperature
(3) and the dry and wet bulb (2) are
purged by the fan (6) with air flow
rate of 2m/s. The regulation of the fan
speed is done with the module (7).
The experimental setup is powered
by the two stabilized DC voltage
sources 5V and 12V by the power

supply (5).

®dur.4. OnuTHa NocTaHOBKa — OOLL, BUA,

1-eaHONNATKOB KOMMKOTBLP U AUCTNEN; 2-CyX U
MOKbP TEPMOMETBP; 3-CEH30p 3a BNaXKHOCT U
Temnepartypa; 4-pe3epBoap 3a HernpekbCHaTo
MOKpeHe; 5-3axpaHBall 0nok; 6-eeHTUNAaTOP; 7-
cucTtema 3a perynumpaHe obopoTtute Ha
BeHTMNaTopa; 8-nepcoHaneH KoMnTbp C
nporpamHo ocurypsiBaHe

Fig.4. The experimental setup —
general view

1-singleboard computer and display; dry
and wet thermometers; 3-sensor for
temperature and humidity; 4-a reservoir
for continuous wetting; 5-power supply;
6-fan; 7-system for control of the fan; 8-
personal computer with software
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Ha curypa 5 e npeacraBeH BapuaHT 3a
nsnons3eaHe Ha paspaboTeHata onuTHa
MOCTaHOBKa KaTo AOMbIIHUTENHO YCTPOWCTBO
KbM WNHTEepaKTUBHA npe3eHTauMoHHa
cuctema. WHTepaktmBHata ©Osna agbcka e
Interwrite Dualboard c nporpamMHo
ocurypsiBaHe KbM Hes e-Instruction

WorkSpace. Upes BMAeokamepaTta
ayoutopusiTta MoXe  fda Habnogasa
nokasaHusiTa Ha ancnnes KaTo
CbLLEBPEMEHHO n3mepBaHuNaTa ce

BM3yanuaupart B rpaduyeH sug [7,8]. Mo to3u
HauMH BcekM oOOyyaem, yyacTBaw, B
ynpakHeHneTo Moxe Aa  Habnwogaea
npoueca Ha wu3MepBaHe W da npasu
N34ncreHns no ykasaHus oT npenogasaTesnsi.

Figure 5 shows a variant of using
the developed experimental setup as
an additional device to an interactive
presentation system. The interactive
whiteboard is “Interwrite Dualboard”
with software “e-Instruction
WorkSpace”. By the video camera,
the audience can observe the
readings on the display while the
measurements are displayed in
graphic form on the whiteboard [7,8].
Thus, each student involved in the
exercise can observe the
measurement process and to make
calculations under instructions from
the lecturer.

®dur.5. lHTepakTMBHa cuctema 3a npeseHTaums
— o0, BMAg,

1-onuTHa nocTtaHoBKa 3a naMepBaHe Ha
BI@XXHOCT N TeMmnepaTypa; 2-suaeokamepa; 3-
nepcoHarneH KOMMKTLP C NPorpamMHo
ocurypsiBaHe; 4-uHTepakTMBHa 6sna abcka

OnutHaTta noctaHoBka (1) 3a uamepBaHe
Ha BNaXHOCT M TemnepaTypa € BKIYeHa
KbM NepCcoHanHmus KOMMioTbp (3), KbM KOWTO
€ CBbp3aHa UHTepakTuBHaTa bana abcka (4).
MocpeoctBoM Buaeokameparta (2), uypes
MpoekTop Cce  BuW3yanusvMpa  OnuTHaTa

Fig.6. Interactive presentation system —
general view

1-laboratory setup for measurement of
temperature and humidity; 2-video
camera; 3-personal computer with
software; 4-Interactive whiteboard

The experimental set (1) for the
measurement of humidity and
temperature is connected to a
personal computer (3) to which is
connected the interactive whiteboard
(4). By the video camera (2) through
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NnocTaHoOBKa M ce HabniogaeaT nokasaHusTa

Ha aucnrea BbpXy eKpaHa Ha ObCKaTa.

YnpaxHeHueto e
cuctemaTa 3a EenekTpoHHO Ooby4veHne Ha
dakynteT ,TexHuka n TexHonorun* — Avbon,
Bwnrapus [2]. MNMpu cbcTaBsHe Ha MeToaMKaTa
3a MpoBeXaaHeTo My ca M3Mon3BaHu AaHHU
OT npoy4yBaHe 3a
MeTOaM 3a NpoBeXaaHe Ha yrnpaXHeHns Ypes

4ecTo

BUpTYyanHu cpeam [13].

peanuavpaHo

n3non3saHuTe

a projector is displayed experimental
set and displayed on the screen of
B the whiteboard.

The exercise is realized in the
system for e-learning of faculty
.rechnics and Technologies” -
Yambol, Bulgaria [2]. In the
construction of the methodology for
conducting of the exercise were used
results of study of common methods

MocnepoBaTenHocTTa Ha pabota e  used to conduct exercises through
onuncaHa B Tabnuua 1. virtual environments [13]. The
sequence of work is described in

Tabnuua 1. 1aple 1.

CbAabpxKaHMe Ha ynpaXXHeHue 3a

n3mMepBaHe Ha BIlMaXXHOCT

Table 1.
Contents of the exercise for
measurement of humidity

ETan CbAbpxaHue OnucaHue

LlenTa Ha ynpaXXHEHWETO e Aa ce 3ano3HasaT

A Lien Ha yrpa)HEHMeTo CTYOEHTUTE C MeToaWTE 33 M3MEPBAHE Ha

A Aim of the exercise BRAXHOCT L o
The aim of the exercise is to familiarize students
with methods for humidity measurement.

=) TeopeTtnyHa o6ocHOBKa 3anosHaBaHe C MeToauTe 3a M3MepBaHe

B Theory Acquaintance with methods of measurement
MpegcraBaHe Ha nabopaTopHOTO 06opyABaHe,

B 3anosHaBaHe ¢ onuTHaTa OpuHUMNAa MY Ha AEeWCTBUE U HaYuHa 3a paboTa ¢

c nocTaHoBka . . Hero. . .

Acquaintance with experimental set | Presentation of laboratory equipment, the

principle of operation and how to work with it.
[MocoyBaHe Ha 3agayv, CBbp3aHu C U3MEpPBaHe 1

rC 3agayv 3a nsnbrHeHne N34nCneHne Ha OTHOCUTENTHA BIAXHOCT

D Tasks Indication of tasks related to the measurement
and calculation of relative humidity
[Moco4yeHnu ca 6 BbNpoca 3a NpoBepka Ha
Hay4eHOTO, OLIeHKaTa ce Nosfy4yaBa aBTOMaTUYHO

a TecT 3a NnpoBepka Ha Hay4eHOTO OT cucTemara 3a eneKkTpoHHO obyveHune

E Review questions 6 questions are referred for checking learned,
evaluation is obtained automatically by the
system for e-learning
JonbnHuTtenHa nureparypa, CBbp3aHa

E MpenopbynTenHa nutepaTypa TemaTtukaTa Ha ynpakeHeHEeTo

F References Additional literature related to the theme of the
exercise

ManonseaHaTa cuctema 3a €eneKTPOHHO
obyyeHne e 6GasumpaHa Ha nnaTdopmaTta
Moodle
CbCTaBEHW €fneMeHTUTE Ha BUPTYasrHOTO
YNpaXHEHNe, KOUTO ce u3bupat ¢ OyTOHU K
nmat Bpb3ka CbC CTpaHUUM,
y4ebHnaT

[11]. Ype3 pecypca

maTepuan o

»YPOK*

KbOEToO €
cbOoTBEeTHaTa
TemMaTuKa e npeaocTaBeH 3a CaMonoaroToBka

The used e-learning system s
based on the platform Moodle [11].
ca Through the resource, ,Lesson“ are
made the components of the virtual
exercise that can be selected with
buttons and a link to pages, where
learning materials on relevant topics
is provided for the students. There
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Ha cTygeHTute. Tam ca npuBegeHu
HeobxoouMuTe MaTeMaTU4eCKN 3aBUCUMOCTU
M HOMOrpamu, MO KOUTO TEOPETUYHO ce
onpenens BraxHocTTa.

Ha durypa 6 ca npegcraBeHn ocHOBHaTa
CTpaHMua Ha YNpaXHEHWEeTo, KbAeToO ce
n3bvpart oTaoenHuTe etanm Ha pabota wu
CTpaHuuaTta 3a M3NbfHEHWE Ha NPaKTU4EeCKn
3agjaum. Bwxkpa ce ekpaH c onuTHaTa
MOCTaHOBKa, KOATO Ce 3acHeEMa OTAaneyeHo ¢
Kamepa kaTo e wusnon3saH html kog 3a
BrpaxxgaHe. [lpeacraBeHa e Tabnuua 3a
n34yncnsaBaHe Ha OTHOCUTENHA BNAaXKHOCT.

OTpaneyeHnaT gocTbn A0  OonuTHaTa
NMoCTaHOBKa € peanuavpaH C NporpamHus
npoaykT Yawcam [17].

are given the necessary
mathematical relationships  and
nomograms, which can be used for
determination of the humidity.

In Figure 6 is presented the main
page of the exercise where can be
selected different stages of work and
page undertake the practical tasks. It
is seen screen the experimental set
that is captured remotely with
camera. html embed code is used.
The remote access to the
experimental set was realized with
the software Yawcam [17].

TPAKWACKA ENEKTPOHEH YHUBEPCUTET

Kype: "AsTomaTuaatn w ynpaanes

SOTTET TENMANTERRIGTAY A0 Baanames’  Servwpruns AVTH ipwsronen Miesomers. T

" W3mepBaHe Ha ...

Yeon

Monyn 3a obyenme na
npenoaasaren

TPAKUACKA ENEKTPOHEH YHUBEPCUTET

Kype "AsoumTiesaiyn 1 yrpaznaima

a) HavyanHa cTpaHuua
a) main page

b) practical tasks

®dur.7. BuptyanHo ynpaxHeHue, peanvsmpaHo B
cucTemMa 3a enekTpoHHO oby4veHne

4. 3akno4veHve

MpeanoxeHaTta nabopaTopHa NOCTaHOBKa
3a U3MepBaHe Ha BMaXHOCT M Temneparypa,
no3BonsiBa aganTupaHe KbM HyXauTe Ha

oTOENHM  notpedutenn, 3aWwoTO0  KbM
NporpaMHOTO 1 OCUrypsiBaHe MoraT ga ce
nobaeAT  gonbnHuUTENHUM  pyHKumMK.  3a

n3rpaxxgaHe Ha anapatHata KW 4acT ca
M3Mon3eBaHM Manko Ha Opon [oCTbMHU
erNeMeHTH, C HUCKa cebecToMHOCT.
PaspaboteHarta nabopaTopHa
MOCTaHOBKA MMa NPeaMMCTBOTO, Ye OCBEH
MPUHLUMNMUTE 3a M3MEPBaAHE Ha BMAXHOCT U
TemnepaTypa, T MOXe ga 6bae npunaraHa

Fig.7. Virtual exercise realized in e-
learning system

4. Conclusion

The proposed laboratory setup for
measurement of humidity and
temperature, is adjustable to the
needs of individual users because its
software provide adding of additional
features.

To build its hardware part were
used a small number of elements that
are affordable and with low cost.

Developed laboratory setup has the
advantage that in addition to the
principles for measuring humidity and
temperature, it can be applied to
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3a obyyeHne no pabota C egHOMNMATKOBU
MUKPOKOMMIOTPU, [da Ce Wu3non3ea KaTo
AOMBbIHUTENHO YCTPOWCTBO Ha UHTEpaKTMBHA
npeseHTaLUMoHHa cMcTeMa M gda ocurypsiea

oTdaneyeH JocTbn Oo0  nabopaTopHo
obopyaBaHe.
CbcraBeHo e BUPTYarnHo

YyNpaXXHEHWe B CUCTEMA 3a ENIEKTPOHHO
obyyeHne kaTO Cca W3MON3BaHU MO-4eCTo
N3MNon3BaHN METOAMKM 3a Cb3gaBaHe Ha
BMpTyanHa nabopatopwusi.

WN3non3eaHeTo Ha pa3paboTeHOTO
nabopatopHo obopyaBaHe B y4ebHusa npouec
MoBMLUABa HMBOTO Ha BM3yanu3auus WU
oHarnegsBaHe Ha y4ebHOTO CbabpXKaHue U
yBENMYaBa WHTEpeca Ha CTYAEHTUTE KbM
N3y4aBaHUTE ONCLIMNIIVHM.

BnaropapHocTu

Paborata no Hacroswara cratua e
CBbp3aHa C Wu3cnegBaHust N0  MNPOEKT
Ne3.®TT/30.05.2016r.: »DE3KOHTaKTHU
METOAM 3a OLEHKa Ha OCHOBHU KayecCTBEHU
nokasaTenu Ha MreYHu NpoayKTn®.

5. llutepaTtypa

training in work with single-board
microcomputers, to be used as an
additional device of the interactive
presentation system and provides
remote  access to laboratory
equipment.

Composed is a virtual exercise in e-
learning system using the more
commonly used methods to create a
virtual laboratory.

The use of the developed
laboratory equipment in the learning
process increases the level of
visualization and displaying of
content and increase the interest of
students to disciplines.
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